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Introduction {#Sec1}
============

Since December 2019, a pneumonia caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), dubbed coronavirus disease 2019 (COVID-19) hit Wuhan, Hubei province, China \[[@CR1]\]. As the infection quickly spread around the globe to an alarming level, the WHO unprecedentedly declared a pandemic on 11 March 2020 \[[@CR2]\]. As of 6 June 2020, the number of affected countries and regions has soared to 216, with more than 6,600,000 cases of COVID-19 confirmed worldwide \[[@CR3]\]. A total of 392,000 patients have died of COVID-19, according to the WHO \[[@CR3]\]. The crude fatality ratio (CFR) stood at 5.9% as of 6 June 2020 \[[@CR3]\], whereas, at the inception of the outbreak, the overall CFR was 17.3%, as reported by the WHO--China joint mission \[[@CR1]\], and even moderately ill patients may progress to death \[[@CR1]\]. Therefore, it is crucial to assess the prognosis of the illness early and start intervention promptly.

As we know, diabetes is an established risk factor for significantly elevated mortality rates in a wide array of acute or chronic diseases, such as cardiovascular diseases, cerebrovascular diseases, cancer and infections due to poor glycaemic control and chronic hyperglycaemic state \[[@CR4]--[@CR7]\]. In addition, one study showed that fasting hyperglycaemia was strongly correlated with mortality in patients with or without diabetes \[[@CR7]\]. Evidence indicated that a chronic hyperglycaemic state was associated with impaired immunity \[[@CR6]\] and hyperglycaemia is an independent predictor for lower respiratory tract infection and poor prognosis \[[@CR6], [@CR8]--[@CR10]\]. In particular, a few previous studies have shown that hyperglycaemia was a risk factor for high morbidity and mortality from severe acute respiratory syndrome (SARS) \[[@CR11]\] and Middle East respiratory syndrome (MERS) \[[@CR12]\].

Recently, a descriptive study suggested that diabetes and/or acute uncontrolled hyperglycaemia (defined as blood glucose measurements \>10 mmol/l twice within any 24 h period) were associated with an increased length of hospital stay and higher mortality due to COVID-19 \[[@CR13]\]. Furthermore, well-controlled blood glucose (glycaemic variability within 3.9--10.0 mmol/l) was reportedly associated with markedly lower mortality compared with individuals with poorly controlled blood glucose (upper limit of glycaemic variability exceeding 10.0 mmol/l) in patients with pre-existing type 2 diabetes during hospitalisation for COVID-19 \[[@CR14]\]. However, direct correlation between fasting blood glucose (FBG) level at admission and clinical outcomes of COVID-19 patients without diagnosed diabetes has not been well established. Therefore, in this study, we examined the association between FBG on admission and the 28-day mortality of COVID-19 patients without previously diagnosed diabetes in two hospitals.

Methods {#Sec2}
=======

Study design and participants {#FPar1}
-----------------------------

We conducted a retrospective study of COVID-19 patients admitted to Wuhan Union West Hospital and Wuhan Red Cross Hospital to ascertain whether FBG was an independent predictor for 28-day mortality in patients with COVID-19 without a previous diagnosis of diabetes. COVID-19 infection was laboratory-confirmed in accordance with the interim guidance formulated by the WHO \[[@CR15]\]. The aforementioned hospitals were two mandatorily designated hospitals for the treatment of COVID-19 patients in China. The institutional ethics committees of Wuhan Union Hospital (No. 0036) reviewed and approved this study protocol. No patients or medical staff involved in patient care took part in the study design and statistical analyses.

All consecutive patients included in this study had a definitive outcome (died, discharged or still hospitalised) within 28 days, with the time period spanning from 24 January 2020 to 10 February 2020. All patients received standard treatment, including antiviral therapy, respiratory support (nasal cannulation, mask oxygenation, high-flow nasal cannula oxygen therapy, non-invasive positive pressure ventilation or invasive mechanical ventilation), symptomatic and supportive treatment and antimicrobial therapy, as appropriate, to prevent or treat secondary infections, which was in accordance with the COVID-19 diagnosis and treatment protocols released by the National Health Commission of the People's Republic of China \[[@CR16]\]. This retrospective project did not interfere with the course of medical management.

A total of 1258 confirmed COVID-19 patients were admitted into the two hospitals. Of these, 653 patients were ruled out for one of the following reasons: (1) no definitive 28-day outcome since they were transferred to another hospital; (2) missing key clinical information (e.g. demographic or clinical data); (3) no FBG data available at admission (for one of the following reasons: \[a\] patients had a blood glucose measurement taken before admission; \[b\] patients were tested for blood glucose 24 h after admission; \[c\] patients received a random blood glucose test but were not tested for FBG; \[d\] patients did not receive a blood glucose test since this was not routinely conducted for every COVID-19 patient); (4) having previously diagnosed diabetes. The flow diagram of patient selection is detailed in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1Flow diagram of patient selection. ^a^Reasons for no FBG measurement at admission: 13 patients had a blood glucose measurement taken before admission; 25 patients were tested for blood glucose 24 h after admission; 84 patients received a random blood glucose test but were not tested for FBG; and 81 patients did not receive a blood glucose test since this was not routinely conducted for every COVID-19 patient

Patients were discharged when they met the following discharge criteria: (1) body temperature returned to normal, lasting for more than 3 days; (2) respiratory symptoms significantly improved; (3) imaging examinations revealed that acute exudative lesions were significantly improved; (4) two real-time RT-PCR tests for the presence of SARS-CoV-2 virus yielded negative results (with two samples of respiratory specimens taken over 24 h apart) \[[@CR16]\].

Data collection {#FPar2}
---------------

We obtained data from the electronic records of the relevant departments. The following data were collected: demographics, clinical data (symptoms, past medical history, admission FBG and in-hospital complications) and the data on 28-day outcomes.

Past medical histories were obtained from hospital databases or by self-reporting, including diabetes, hypertension, chronic lung disease, chronic heart disease, chronic liver disease, chronic kidney disease, cerebrovascular disease and carcinoma, which were diagnosed according to standard criteria. The common complications that developed after hospitalisation included acute respiratory distress syndrome (ARDS), acute cardiac injury, acute kidney injury, acute liver injury, cerebrovascular accident, coagulopathy and secondary infection.

Definition and measurement of FBG levels at admission {#FPar3}
-----------------------------------------------------

Complications were defined as the occurrence of one or more condition(s) (Table [1](#Tab1){ref-type="table"}) that developed after hospitalisation. ARDS was defined according to WHO clinical management interim guidance \[[@CR17]\]. Acute cardiac injury was defined as new electrocardiographic and echocardiographic abnormalities detected, or serum level of cardiac biomarkers (cardiac troponin I, cardiac troponin T, or hype-sensitive troponin I) above the upper limit of normal (ULN) \[[@CR18]\]. Acute kidney injury was defined as an elevation of serum creatinine by 26.5 μmol/l or higher within 48 h, or serum creatinine increased to 1.5 times baseline or higher within the previous 7 days \[[@CR19]\]. Acute liver injury was defined as alanine aminotransferase or aspartate aminotransferase levels two times above the ULN. Cerebrovascular accident was defined as the occurrence of cerebral haemorrhage or cerebral infarction during hospitalisation \[[@CR20]\]. Coagulopathy was defined as prothrombin time prolonged by 3 s or activated partial thromboplastin time prolonged by 5 s \[[@CR21]\]. Secondary infection was defined as the occurrence of symptoms or signs of nosocomial infection and new pathogens detected in patients' specimens (e.g. sputum, blood) taken more than 48 h after admission \[[@CR18]\].Table 1Baseline characteristics of COVID-19 patients without previous diagnosis of diabetes within 28 days after admissionVariablesTotal\
(*n* = 605)Non-survivor\
(*n* = 114)Survivor\
(*n* = 491)*p* valueHospital Wuhan Red Cross Hospital157 (26.0)33 (21.0)124 (79.0)0.4178 Wuhan Union West Hospital448 (74.0)81 (18.1)367 (81.9)Age, years Median (IQR)59.0 (47.0, 68.0)66.0 (61.0, 72.0)56.0 (43.0, 65.0)\<0.0001 \<65, *n* (%)408 (67.4)49 (43.0)359 (73.1)\<0.0001 ≥65, *n* (%)197 (32.6)65 (57.0)132 (26.9)Sex Female, *n* (%)283 (46.8)36 (31.6)247 (50.3)0.0003 Male, *n* (%)322 (53.2)78 (68.4)244 (49.7)Onset symptoms Fever, *n* (%)463/530 (87.4)88 (85.4)375 (87.8)0.5132 Cough, *n* (%)404/555 (72.8)66 (66.7)338 (74.1)0.1308 Expectoration, *n* (%)217/521 (41.7)43 (43.4)174 (41.2)0.6892 Muscular soreness, *n* (%)129/504 (25.6)23 (24.5)106 (25.9)0.7813 Fatigue, *n* (%)300/528 (56.8)58 (58.6)242 (56.4)0.6936 Diarrhoea, *n* (%)91/512 (17.8)15 (15.3)76 (18.4)0.4774Past history of disease208 (34.4)55 (48.3)153 (31.2)0.0005 Hypertension, *n* (%)139/543 (25.6)34 (29.8)105 (24.5)0.2447 Chronic lung disease, *n* (%)18 (3.0)4 (3.5)14 (2.9)0.7587 Chronic heart disease, *n* (%)55 (9.1)13 (11.4)42 (8.6)0.3404 Chronic liver disease, *n* (%)16 (2.6)3 (2.6)13 (2.7)\>0.9999 Chronic kidney disease, *n* (%)16 (2.6)6 (5.3)10 (2.0)0.0531 Cerebrovascular disease, *n* (%)16 (2.6)7 (6.1)9 (1.8)0.0098 Carcinoma, *n* (%)29 (4.8)9 (7.9)20 (4.1)0.0853CRB-65 score\<0.0001 0, *n* (%)334 (55.2)27 (23.7)307 (62.5) 1--2, *n* (%)261 (43.1)80 (70.2)181 (36.9) 3--4, *n* (%)10 (1.7)7 (6.1)3 (0.6)Admission FBG\<0.0001 \<6.1 mmol/l, *n* (%)329 (54.4)35 (30.7)294 (59.9) 6.1--6.9 mmol/l, *n* (%)100 (16.5)21 (18.4)79 (16.1) ≥7.0 mmol/l, *n* (%)176 (29.1)58 (50.9)118 (24.0)Complications237 (39.2)114 (100.0)123 (25.1)\<0.0001 ARDS, *n* (%)142 (23.5)107 (93.9)35 (7.1)\<0.0001 Acute cardiac injury, *n* (%)80 (13.2)63 (55.3)17 (3.5)\<0.0001 Acute kidney injury, *n* (%)76 (12.6)65 (57.0)11 (2.2)\<0.0001 Acute liver injury, *n* (%)167 (27.6)95 (83.3)72 (14.7)\<0.0001 Cerebrovascular accident, *n* (%)3 (0.5)3 (2.6)00.0065 Coagulopathy, *n* (%)96 (15.9)85 (74.6)11 (2.2)\<0.0001 Secondary infection, *n* (%)79 (13.1)69 (60.5)10 (2.0)\<0.0001With complications \<6.1 mmol/l, *n* (%)86 (14.2)35 (30.7)51 (10.4) 6.1--6.9 mmol/l, *n* (%)48 (7.9)21 (18.4)27 (5.5) ≥7.0 mmol/l, *n* (%)103 (17.0)58 (50.9)45 (9.2)Without complications \<6.1 mmol/l, *n* (%)243 (40.2)0243 (49.5) 6.1--6.9 mmol/l, *n* (%)52 (8.6)052 (10.6) ≥7.0 mmol/l, *n* (%)73 (12.1)073 (14.9)Data are median (IQR) or *n* (%)*p* values were calculated by using *χ*^*2*^ test, Cochran--Mantel--Haenszel *χ*^*2*^ test, Fisher's exact test or Wilcoxon rank-sum test, as appropriateSeventy-five patients (12.4%) had missing information on onset symptoms of fever; 50 (8.3%) on cough; 84 (13.9%) on expectoration; 101 (16.7%) on muscular soreness; 77 (12.7%) on fatigue; 93 (15.4%) on diarrhoea; and 62 (10.2%) on hypertension

For the test of FBG levels at admission, blood samples were collected after an overnight fast lasting at least 8 h within 24 h after admission, according to the WHO guidelines. Serum concentrations of FBG were measured by using an automatic biochemical analyser (Beckman Coulter AU5800 Analyzer, USA).

Assessment of pneumonia severity {#FPar4}
--------------------------------

CRB-65 is a generally accepted tool used for assessing the severity of pneumonia because of its simplicity and effectiveness. It is based on confusion, respiratory rate (\>30/min), systolic blood pressure (≤90 mmHg) or diastolic blood pressure (≤60 mmHg), and age (≥65 years) \[[@CR22], [@CR23]\]. Given that pneumonia is the major clinical feature of hospitalised COVID-19 patients \[[@CR24]\], and all participants enrolled had pneumonia, as confirmed by chest computed tomography (CT) scans, CRB-65 was used in this study to assess the severity of COVID-19. CRB-65 measures the severity of pneumonia on a 0 to 4 scale, and we grouped scores into three risk levels (CRB-65 score of 0; CRB-65 score of 1--2; CRB-65 score of 3--4) according to Ewig et al \[[@CR23]\] and Lepper et al \[[@CR9]\]. CRB-65 score 0, 1--2 and 3--4 are, respectively, representative of mild, moderate and severe pneumonia.

Outcome measures {#FPar5}
----------------

All patients were categorised into three groups according to WHO guidelines in terms of admission FBG (\<6.1, 6.1--6.9, and ≥7.0 mmol/l). Two outcome measures were examined: the independent risk factors for 28-day mortality and percentage differences in in-hospital complications between different FBG groups.

Statistical analysis {#FPar6}
--------------------

Descriptive statistics were used to describe patient baseline data. Categorical variables were presented as numbers with percentage proportions, and continuous variables were expressed as mean ± SD if they were normally distributed or as median (IQR) if they were not. Proportions for categorical variables were compared using the *χ*^2^ test, Cochran--Mantel--Haenszel *χ*^2^ test or Fisher's exact test. Means of continuous variables were compared using independent group *t* test when the data were normally distributed. Otherwise, the Wilcoxon rank-sum test was used for medians.

For the analysis of mortality, we conducted a univariable Cox regression analysis to assess the effects of age, sex, onset symptoms, past medical history, CRB-65 score, and admission FBG on the 28-day mortality. Variables with *p* \< 0.05 were regarded as potential risk factors and were included in multivariable Cox regression analysis by using the stepwise bidirectional selection (significance level for entry = 0.05, significance level to stay = 0.1). We conducted subgroup analysis by using Kaplan--Meier curves to assess associations between FBG or severity of pneumonia and mortality within 28 days, and tested linear trends across different groups of different FBG levels. Then we carried out a test for interaction of FBG levels and severity of pneumonia and stratified analyses according to severity of pneumonia.

Finally, univariable logistic analysis was used to assess the association between different FBG levels and in-hospital complications.

A two-sided *p* value \<0.05 was considered to be statistically significant. All statistical analyses were performed using SAS software (version 9.4; USA).

Results {#Sec3}
=======

Patient characteristics {#FPar7}
-----------------------

Up to 10 February 2020, 1258 patients were admitted to Wuhan Union West Hospital or Wuhan Red Cross Hospital for confirmed COVID-19. After excluding 157 patients who were re-directed to other hospitals, 182 patients missing key clinical information, 203 patients without FBG at admission and 111 patients with previous history of diabetes, a total of 605 patients without a previous diagnosis of diabetes (448 from Wuhan Union West Hospital and 157 from Wuhan Red Cross Hospital) were included in the analysis (Fig. [1](#Fig1){ref-type="fig"}).

Baseline data of continuous and categorical variables among the groups of survivors and non-survivors are shown in Table [1](#Tab1){ref-type="table"}. The median age of participants was 59.0 years (IQR 47.0, 68.0), and 322 (53.2%) were men. Two hundred and eight patients (34.4%) had one or more past diseases, of which hypertension was the most common comorbidity. At admission, the most common symptoms were fever, followed by cough and fatigue. Three hundred and thirty four patients (55.2%) had a CRB-65 score of 0; 261 (43.1%) had a CRB-65 score of 1--2; 10 (1.7%) had a CRB-65 score of 3--4. The patients were categorised in terms of their glucose levels into three groups: patients with FBG \<6.1 mmol/l (*n* = 329, 54.4%), patients with FBG 6.1--6.9 mmol/l (*n* = 100, 16.5%) and patients with FBG ≥7.0 mmol/l (*n* = 176, 29.1%). One hundred and fourteen patients (18.8%) died within 28 days during hospitalisation. Among 605 patients, 237 (39.2%) developed one or more in-hospital complications (Table [1](#Tab1){ref-type="table"}).

Comparison between non-survivors and survivors {#FPar8}
----------------------------------------------

Compared with survivors, more non-survivors were found among older people (median age 66.0 years vs 56.0 years, *p* \< 0.0001), male (68.4% vs 49.7%, *p* = 0.0003), patients with a past medical history (48.3% vs 31.2%, *p* = 0.0005). In terms of past medical history, cerebrovascular disease (6.1% vs 1.8%, *p* = 0.0098) was significantly higher in non-survivors than in survivors. In non-survivors, the percentages were higher in patients having CRB-65 score of 3--4 and FBG ≥7.0 mmol/l at admission (Table [1](#Tab1){ref-type="table"}).

Factors associated with in-hospital 28-day mortality {#FPar9}
----------------------------------------------------

The univariable Cox regression analysis showed that age, male sex, chronic kidney disease, cerebrovascular disease, CRB-65 score and FBG were associated with in-hospital 28-day mortality. The multivariable Cox regression analysis further suggested that age (HR 1.02 \[95% CI 1.00, 1.04\]), male sex (HR 1.75 \[95% CI 1.17, 2.60\]), CRB-65 score 1--2 (HR 2.68 \[95% CI 1.56, 4.59\]), CRB-65 score 3--4 (HR 5.25 \[95% CI 2.05, 13.43\]) and FBG ≥7.0 mmol/l (HR 2.30 \[95% CI 1.49, 3.55\]) were independent predictors for mortality (Table [2](#Tab2){ref-type="table"}).Table 2Univariable and multivariable analyses of various indicators for death within 28 days in all participantsUnivariable analysis HR (95% CI)*p* valueMultivariable analysis HR (95% CI)*p* valueHospital Wuhan Red Cross Hospital1 (ref) Wuhan Union West Hospital0.85 (0.57, 1.28)0.4347Age, years1.05 (1.03, 1.06)\<0.00011.02 (1.00, 1.04)0.0252SexFemale1 (ref)1 (ref)Male2.03 (1.37, 3.01)0.00041.75 (1.17, 2.60)0.0060Onset symptoms FeverNo1 (ref)Yes0.84 (0.48, 1.44)0.5191 CoughNo1 (ref)Yes0.71 (0.47, 1.08)0.1125 ExpectorationNo1 (ref)Yes1.06 (0.71, 1.58)0.7788 Muscular sorenessNo1 (ref)Yes0.92 (0.57, 1.47)0.7256 FatigueNo1 (ref)Yes1.07 (0.72, 1.60)0.7386 DiarrhoeaNo1 (ref)Yes0.83 (0.48, 1.44)0.5124Past history of disease HypertensionWithout1 (ref)With1.27 (0.85, 1.89)0.2493 Chronic lung diseaseWithout1 (ref)With1.12 (0.41, 3.03)0.8285 Chronic heart diseaseWithout1 (ref)With1.34 (0.75, 2.39)0.3151 Chronic liver diseaseWithout1 (ref)With0.95 (0.30, 2.99)0.9296 Chronic kidney diseaseWithout1 (ref)With2.28 (1.00, 5.19)0.0496 Cerebrovascular diseaseWithout1 (ref)With2.82 (1.31, 6.05)0.0080 CarcinomaWithout1 (ref)With1.81 (0.92, 3.58)0.0876CRB-65 score01 (ref)1 (ref)1--24.35 (2.81, 6.72)\<0.00012.68 (1.56--4.59)0.00033--413.80 (5.99, 31.80)\<0.00015.25 (2.05--13.43)0.0005Admission FBG, mmol/l\<6.11 (ref)1 (ref)6.1--6.92.06 (1.20, 3.54)0.00871.71 (0.99, 2.94)0.0524≥7.03.54 (2.33, 5.38)\<0.00012.30 (1.49, 3.55)0.0002

The cumulative death rate within 28 days in all COVID-19 participants stratified in terms of FBG and CRB-65 score at admission overall is shown in Fig. [2a](#Fig2){ref-type="fig"} (*p*~trend~ \< 0.0001) and Fig. [2b](#Fig2){ref-type="fig"} (*p*~trend~ = 0.0020). Compared with patients with FBG \<6.1 mmol/l, mortality within 28 days was higher in those with FBG of 6.1--6.9 mmol/l (crude HR 2.06 \[95% CI 1.20, 3.54\]) and ≥7.0 mmol/l (crude HR 3.54 \[95% CI 2.33, 5.38\]), respectively (Table [2](#Tab2){ref-type="table"}). Compared with patients with FBG of 6.1--6.9 mmol/l, mortality within 28 days was higher in those with FBG ≥7.0 mmol/l (crude HR 1.72 \[95% CI 1.05, 2.84\]). Meanwhile, compared with patients with CRB-65 score of 0, mortality within 28 days was higher in those with CRB-65 of 1--2 (crude HR 4.35 \[95% CI 2.81, 6.72\]) and 3--4 (crude HR 13.80 \[95% CI 5.99, 31.80\]), respectively (Table [2](#Tab2){ref-type="table"}). Compared with patients with CRB-65 score of 1--2, mortality within 28 days was higher in those with CRB-65 of 3--4 (crude HR 3.18 \[95% CI 1.46, 6.89\]).Fig. 2Kaplan--Meier survival curves (showing cumulative mortality and 95% CI) for COVID-19 patients stratified in terms of FBG or CRB-65 score at admission. (**a**) Kaplan--Meier survival curves of all COVID-19 patients stratified by FBG; (**b**) Kaplan--Meier survival curves of all COVID-19 patients stratified by CRB-65 score; (**c**) Kaplan--Meier survival curves of COVID-19 patients with a CRB-65 score of 0, stratified by FBG; (**d**) Kaplan--Meier survival curves of COVID-19 patients with a CRB-65 score of \>0, stratified by FBG

FBG and CRB-65 score at admission {#FPar10}
---------------------------------

CRB-65 score is a measure of pneumonia severity. The interaction between trends across FBG and CRB-65 scores did not reach statistical significance (*p* = 0.1112 for crude and 0.2243 for adjusted analyses). Higher FBG levels were associated with increased mortality in the group with a CRB-65 score of 0 (Fig. [2c](#Fig2){ref-type="fig"}, *p*~trend~ \< 0.0001) and with a CRB-65 score of \>0 (Fig. [2d](#Fig2){ref-type="fig"}, *p*~trend~ = 0.0044). In patients with a CRB-65 score of 0, mortality within 28 days was higher in the group with FBG ≥7.0 mmol/l (crude HR 6.57 \[95% CI 2.65, 16.27\]) and with FBG 6.1--6.9 mmol/l (crude HR 3.42 \[95% CI 1.51, 10.19\]) when compared with the group with FBG \<6.1 mmol/l, respectively. No statistically significant difference was found between the groups with FBG ≥7.0 mmol/l (crude HR 1.92 \[95% CI 0.74, 4.99\]) and FBG of 6.1--6.9 mmol/l. In patients with a CRB-65 score of \>0, mortality within 28 days was higher in the group with FBG ≥7.0 mmol/l (crude HR 1.99 \[95% CI 1.24, 3.20\]) compared with FBG \<6.1 mmol/l. No statistically significant difference was found between the groups with FBG of 6.1--6.9 mmol/l and FBG \<6.1 mmol/l (crude HR 1.44 \[95% CI 0.77, 2.70\]), or between the groups with FBG ≥7.0 mmol/l and FBG of 6.1--6.9 mmol/l group (crude HR 1.38 \[95% CI 0.77, 2.48\]).

FBG at admission and complications within 28 days {#FPar11}
-------------------------------------------------

Then, we analysed the relationship between the FBG and complications in COVID-19 patients. The number of patients who had complications within 28 days in the groups with FBG \<6.1 mmol/l, 6.1--6.9 mmol/l and ≥7.0 mmol/l was 86 (14.2%), 48 (7.9%) and 103 (17.0%), respectively. The number of patients without complications within 28 days in the groups with FBG \<6.1 mmol/l, 6.1--6.9 mmol/l and ≥7.0 mmol/l was 243 (40.2%), 52 (8.6%), and 73 (12.1%), respectively (Table [1](#Tab1){ref-type="table"}). Compared with patients with admission FBG \<6.1 mmol/l, patients with admission FBG ≥7.0 mmol/l (OR 3.99 \[95% CI 2.71, 5.88\]) and 6.1--6.9 mmol/l (OR 2.61 \[95% CI 1.64, 4.41\]) had higher levels of in-hospital complications.

Discussion {#Sec4}
==========

The ongoing COVID-19 pandemic is taking a heavy toll worldwide and effective measures have to be taken to minimise its impact and to lower mortality. Previous studies have shown that diabetes and acute uncontrolled hyperglycaemia (defined as blood glucose \>10 mmol/l twice within any 24 h period) are related to morbidity and/or mortality from COVID-19 \[[@CR13], [@CR21], [@CR25]\]. Nonetheless, so far, no research effort has been directed at whether the admission FBG level is an independent predictor of mortality in COVID-19 patients without previously diagnosed diabetes. This two-centre retrospective study shows, for the first time, that elevated FBG (≥7.0 mmol/l) at admission is independently associated with increased 28-day mortality and percentages of in-hospital complications in COVID-19 patients without previous diagnosis of diabetes.

Our multivariable Cox regression analysis showed that FBG, CRB-65 score, age and sex were independently associated with 28-day mortality in COVID-19 patients without previous diagnosis of diabetes. In a study involving 191 COVID-19 patients, advanced age, a high Sequential Organ Failure Assessment (SOFA) score and a D-dimer level greater than 1 μg/l were risk factors for mortality \[[@CR21]\]. Because of differences in patient composition, their study failed to reveal any significant difference for sex, although the proportion of male patients in the non-survivor group was higher than in the surviving group (68.4% vs 49.7%). Hyperglycaemia and/or diabetes were identified to be risk factors for morbidity and mortality caused by infection with community-acquired pneumonia (CAP), SARS and MERS \[[@CR9]--[@CR12]\]. Consistent with the studies on CAP \[[@CR9], [@CR10]\], our results indicate that admission FBG is a significant prognostic factor for COVID-19. Another analysis of COVID-19 patients with ARDS showed that FBG is related to the occurrence of ARDS, but not associated with the death of patients with ARDS \[[@CR26]\]. We have, for the first time, performed a stratified analysis of different FBG levels in a larger population and demonstrated that FBG ≥7.0 mmol/l is critical to the prognosis of patients with COVID-19. Our data also show that non-survivors are more likely to have serious complications. In addition, we demonstrate that the incidence of in-hospital complications increases with the elevation of FBG. The CRB-65 score is a quick and convenient indicator for judging the severity of pneumonia \[[@CR27]\]; we have also shown that FBG ≥7.0 mmol/l is associated with increased mortality in participants, regardless of whether the patient's CRB-65 score is 0 or greater.

Patients with FBG \>6.1 mmol/l accounted for 45.6% (276/605) and a total of 29.1% (176/605) patients had blood glucose ≥7.0 mmol/l. These results indicate that our study included both undiagnosed diabetic patients and non-diabetic patients with hyperglycaemia caused by an acute blood-glucose disorder. Similarly to a previous study, COVID-19 patients might suffer from stress hyperglycaemia \[[@CR10]\] and critically ill patients may develop acute insulin resistance, manifested by hyperglycaemia and hyperinsulinaemia \[[@CR28]\]. Patients with conditions not related to diabetes, such as severe sepsis, systemic inflammatory response syndrome (SIRS) and traumatic brain injury tend to have hyperglycaemia \[[@CR28]\]. Hyperglycaemia at admission to the intensive care unit (ICU) is directly related to increased mortality or morbidity \[[@CR29]\]. At the same time, drugs, such as antibiotics and corticosteroids, could also elevate serum glucose concentration \[[@CR30], [@CR31]\]. In particular, corticosteroids may impair glucose tolerance by promoting gluconeogenesis in the liver, reducing glucose uptake and utilisation in peripheral tissues and increasing the effects of other glycaemic hormones \[[@CR31]\]. It is recommended that close attention be paid to hospitalised patients, regardless of whether they have been previously diagnosed as having diabetes.

Although insulin treatment for critically ill patients has become a standard of care, efficacy might well vary with different ICUs. A study published in 2001 reported that intensive insulin therapy with blood glucose maintained at or below 6 mmol/l reduced morbidity and mortality in critically ill patients in surgical ICUs \[[@CR32]\]. However, subsequent studies on intensive insulin therapy of critically ill patients in medical ICUs showed that this treatment could reduce morbidity but not mortality \[[@CR33]\]. The debate over this issue remains, and a study published in 2009 found that intensive glycaemic control could increase mortality in adults in ICUs, but increasing target glucose levels to 10 mmol/l could reduce mortality \[[@CR34]\]. A recent review separately examined surgical and medical patients and suggested that, to treat hyperglycaemia, insulin therapy should be used to maintain the glucose level between 8 mmol/l and 10 mmol/l. This treatment could reduce the mortality and morbidity resulting from high FBG and lower the occasional risk of hypoglycaemia associated with intensive insulin therapy \[[@CR35]\].

This study has several limitations. First, this was a retrospective study. Second, we did not cover HbA~1c~, a long-term glycaemic control indicator that helps distinguish patients with poor long-term glycaemic control from those with stress hyperglycaemia. Finally, because our results were premised only on the glucose levels at admission, we might have underestimated the risks associated with hyperglycaemia (assuming that patients with the highest glucose levels are more likely to be treated in the hospital), and we did not have sufficient data to study the effect of glucose-lowering treatment (e.g. insulin, metformin) on the outcome of our patients. However, we believe that acute hyperglycaemia is more important than long-term glycaemic control in predicting the prognosis of hospitalised COVID-19 patients.

In conclusion, FBG ≥7.0 mmol/l at admission is an independent predictor for 28-day mortality in patients with COVID-19 without previous diagnosis of diabetes. Glycaemic testing and control should be recommended for all COVID-19 patients even if they do not have pre-existing diabetes, as most COVID-19 patients are prone to glucose metabolic disorders. During a pandemic of COVID-19, FBG can facilitate the assessment of prognosis and early intervention of hyperglycaemia to help improve the overall outcomes in treatment of COVID-19.
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